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(54) Titie: RISER ARRANGEMENT FOR OFFSHORE VESSEL AND METHOD FOR INSTALLATION 

(57) Abstract 

An arrangement and method are dis- 
closed for providing a fluid flow path between 
a seabed supply of hydrocarbons and a turret 
moored storage vessel (30). A steel catenary 
riser interface buoy (20) provides support for 
a steel catenary riser (5) and the lower end 
of a flexible riser (15). This arrangement al- 
lows both risers to be pre-installed prior to 
arrival of the storage vessel or other floating 
storage facility. A turret interface buoy (40) 
secured to an upper end of the flexible riser is 
used in the installation process as well as in 
the hook-up of the riser system to the storage 
vessel. 




FOR THE PURPOSES OP INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Lux em bourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


1IU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/05129 



PCT/US99/16428 



TITLE: RISER ARRANGEMENT FOR OFFSHORE VESSEL AND 

METHOD FOR INSTALLATION 

BACKGROUND OF THE INVENTION 
Reference to Previous Application 

This application claims priority from Provisional Application Serial No. 
60/093,822 filed on July 23, 1998. 
5 Field of the Invention 

This invention relates generally to mooring arrangements for offshore floating 
facilities such as floating production, storage and offloading vessels (FPSO). In particular 
the invention relates to a riser arrangement and method for its installation by which 
hydrocarbon fluids from subsea wells are transferred to the vessel. Still more particularly 
10 the invention relates to a method of installing a riser system in a turret-moored vesseL 
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Description of the Prior Art 

Prior riser systems have included flexible risers which extend from sea-bed wells 
or manifolds to the interior of a mooring turret of aFPSO for connection to a fluid swivel 
mounted on the turret With deepwater subsea production systems it is advantageous to 
5 provide a rigid pipeline for connection at the seabed for connection to subsea wells and 
manifolds, yet a flexible riser is needed at the vessel for coupling to the turret 

U.S, patent 5,639,187 discloses a marine riser system which combines rigid (steel 
catenary) risers with flexible flow lines. The steel catenary risers extend from the sea 
floor in a gentle catenary path to a large submerged buoy positioned at a depth below the 
10 turbulence zone of the sea. Flexible risers are connected to the rigid steel risers at the 
submerged buoy and extend upwardly to a floating platform or vessel used as a surface 
production and/or storage and offloading facility. 

There remains an unsolved problem of providing an arrangement and method for 
its installation of a combined rigid/flexible riser to a turret of a turret moored FPSO. 
15 Identification of Objects of the Invention 

A primary object of this invention is to provide a riser system and method for its 
installation for a turret moored vessel, where the riser system includes a steel catenary 
riser section from the sea floor and a flexible riser section coupled between the steel 
catenary riser section and the interior of the turret 
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Another object of the invention is to provide a method of installation of a 
combined steel catenary riser/flexible riser system which allows both risers to be pre- 
installed prior to arrival of die FPSO and its coupling to die riser system. 

5 SUMMARY OF THE INVENTION 

The objects identified above as well as other advantages and features of the 
invention are provided for integration of steel catenary risers (SCR) for an offshore 
floating production storage facility with conventional flexible riser tie-ins. A Steel 
Catenary Riser Interface Buoy (SCRIB) is provided to couple the lower end of a flexible 

10 riser leg to the upper end of an SCR leg. The upper end of the flexible riser is supported 
by a Turret Interface Buoy (TIB) which is arranged and designed to be pulled up into the 
turret of a vessel after the vessel arrives on location and has mooring anchor legs 
installed. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages, and features of the invention will become more apparent 
by reference to the drawings which are appended hereto and wherein like numerals 
indicate like parts and wherein an illustrative embodiment of the invention is shown, of 
which: 



WO 00/05129 PCT/US99/16428 

-4- 

Figure 1 schematically illustrates the riser system of the invention after installation 
with a floating vessel secured to the sea floor by mooring legs and with the riser system 
providing a fluid flow path between subsea wells/manifolds to die vessel; 

Figure 2 illustrates the first step in the installation process by which a steel riser 
5 is deployed at the seabed by means of a conventional pipeline laying vessel; 

Figure 3 illustrates a stage of the installation process of the system where a 
submerged interface buoy (SCRIB) is installed at the upper end of the rigid riser and 
shows a lower end of a flexible riser coupled thereto at the interface buoy while being 
payed out from a storage reel of a pipeline/derrick vessel; 
10 Figure 4 illustrates a subsequent stage of the installation process of the system, 

where a turret interface buoy is provided which is arranged and designed to be installed 
with a turret of a floating vessel, and a derrick vessel installs die upper end of die flexible 
riser to the turret interface buoy by means of a pull-in line; 

Figure 5 illustrates another stage of die installation process where a floating vessel 
15 is positioned above die turret interface buoy, and the turret of the vessel is secured to the 
sea bed with mooring legs; and 

Figure 6 illustrates a final stage of the installation process where die turret 
interface buoy, with die risers connected thereto, is pulled into die interior of the turret 
by pull-in equipment of the vesseL 
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DESCRIPTION OF THE INVENTION 

Figure 1 illustrates the riser system 10 of the invention for providing fluid flow 
paths between sea bed 3 wells or manifolds (not illustrated) and a turret moored floating 
vessel 30. The vessel 30 may be any turret moored floating facility equipped for the 

5 storage and/or production and offloading of hydrocarbons produced from subsea wells 
via a riser system The riser system includes a Steel Catenary Riser (SCR) 5 and a flexible 
riser 15 which are coupled together at a submerged Steel Catenary Riser Interface Buoy 
20 called a SCRIB. The upper end of the flexible riser is connected to a turret interface 
buoy (See Figures 5 and 6) which is secured with the turret 60 of the vessel 30. The 

10 SCRIB provides support for the SCR 5 and the lower end of the flexible riser 15. Such 
SCRIB and the Turret Interface Buoy (TIB) allow the SCR and the flexible riser to be 
pre-installed prior to the vessel (FPSO) 30 (or other floating facility) being moored on 
location. 

The flexible riser 15 portion of the riser system can be of a catenary shape, as 
15 illustrated in Figure 1 and subsequent figures, or any other shape using additional 
flotation or weight devices. For certain systems, die riser portion between the SCRIB and 
die TIB may include a second steel catenary riser section in lieu of the flexible riser, 
although flexible end joints at the SCRIB and TIB would be required. 
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The TIB 40 (see Figures 5 and 6) is used both (1) to aid in the installation process 
(as described below) and (2) to dock the riser system 10 with the turret 60. It remains 
with the vessel for turret moored vessels. However the TIB can be omitted, and a smaller 
discardable installation buoy may be used to support the flexible riser ends prior to the 
5 arrival of the floating facility. Furthermore, with the SCRIB buoy in place, other risers 
can be added individually without the need of a TIB or installation buoy once the floating 
facility is on site. 

Figure 2 shows the first step in the installation process of the riser system of the 
invention. A conventional pipeline/derrick vessel 50 on the sea surface 7 lays down a 
10 rigid steel flow line 5 for termination at wells or manifolds on the sea bed 3. The steel 
flow line 5 has sufficient flexibility to take the shape of a catenary from its sea bed 
termination over a substantial distance for its connection to a flexible riser at a submerged 
location. 

Figure 3 illustrates a next step in the installation process. A SCRIB buoy 20 is 
15 installed at the upper end of the SCR by means of a support line 54 from a derrick 52 of 
pipelaying/derrick vessel 50. A flexible riser section 15 is coupled to the upper end of 
the SCR 5 and is payed out from vessel 50 by means of a flexible riser storage reel 18. 

Figure 4 illustrates die next stage of die installation process where a Turret 
Interface Buoy (TIB) 40 is provided at the mooring location, and a pull-in line 45 is 
20 connected to the upper end of flexible riser 15 and die work line 56 of the 
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pipelaying/denick vessel 50. The flexible riser is pulled in for securement within the TIB 
40. 

Figure 5 illustrates the TIB 40 with multiple risers 5, 15 connected thereto and 
being supported thereby. The TIB is in a submerged position beneath the floating vessel 

5 (e.g., a FPSO) below the turret 60 of the vessel. Mooring legs 32 (only one is shown) are 
secured between the turret and sea bed anchors in a conventional manner. The mooring 
legs 32 provide a substantially non-rotative mooring for the turret The floating facility 
includes bearings which couple die turret with die vessel so that die vessel is capable of 
weathervaning about die turret 

10 Figure 6 illustrates a final stage of the installation process of connecting the risers 

to die floating facility 30. A TIB pull-in arrangement 80 is mounted on the turret for 
pulling the TIB 40 up into securement within the interior of the turret 60. Figure 6 
illustrates that turret 60 is mounted within moon pool 70 and that die mooring legs 32 are 
secured to the turret 60 for securement thereto. Rotative fluid couplings (swivels) are 

15 provided on the top of the turret in a conventional fashion for providing a rotative fluid 
flow path from each riser to a storage hold in the vessel. 

After the TIB 40 is secured within turret 60, additional risers can be added 
individually without the need for the TIB or a disposable installation buoy. 
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WHATIS CLAIMED IS : 



11. A riser arrangement for a turret moored floating facility, the arrangement providing a fluid 

2 flow path between a sea bed and the floating facility in the sea and comprising, 

3 a first riser having a first end which extends from a seabed hydrocarbon supply location 

4 and a second end which extends to a submerged depth position in the sea, said first riser having 

5 a catenary shape between said seabed hydrocarbon supply and said submerged depth position, 

6 a second riser coupled at one end to said second end of said first riser to form a fluid flow 

7 path from said seabed hydrocarbon supply to an opposite end of said second riser, 

8 a submerged SCR interface buoy positioned at said submerged depth position which 

9 supports said first and second risers at said submerged depth positions, and 

10 a turret interface buoy coupled to said opposite end of said second riser, said turret 

1 1 interface buoy being designed and arranged to support said opposite end of said second riser at 

12 a submerged position beneath said floating facility and for coupling to said turret of said floating 

13 fecility. 

1 2. The riser arrangement of claim 1 wherein, 

2 said first riser is a rigid tubular pipeline of a length and flexibility to assume said catenary 

3 shape between said seabed hydrocarbon supply location and said submerged depth position, and 

4 said second riser is a flexible hose. 

1 3 . The riser arrangement of claim 1 wherein, 

2 said first riser is a rigid tubular pipeline of a length and flexibility to assume said catenary 

3 shape between said seabed hydrocarbon supply location and said submerged depth position, and 
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4 said second riser is a second steel tubular pipeline of a length and flexibility to assume a 

5 catenary shape between said second end of said first riser and said turret interface buoy, 

6 and further comprising a first flexible end joint disposed at said one end of said second 

7 riser to said second end of said first riser and a second flexible end joint which connects said 

8 opposite end of said second riser to said turret interface buoy. 

1 4. The riser airangement of claim 1 wherein, 

2 said turret interface buoy is arranged and designed to dock inside said turret for coupling 

3 of said second riser to said floating facility, thereby providing a fluid flow path between said 

4 seabed and said floating facility in the sea. 

15. A method for installing a riser system between a seabed and a turret moored vessel 

2 comprising of the steps of, 

3 laying down a rigid tubular pipeline (5) for termination at a hydrocarbon supply on said 

4 seabed, said pipeline having sufficient flexibility to take the shape of a catenary from a lower end 

5 of said pipeline at said seabed to an upper end of said pipeline at a submerged location, 

6 installing a SCR interface buoy (20) at said submerged location to support said upper end 

7 of said pipeline, 

8 coupling a lower end of a flexible riser (IS) to said upper end of said pipeline, 

9 providing a turret interface buoy (40) at a mooring location, 

10 securing an upper end of said flexible riser (15) to said turret interface buoy (40), and 

1 1 coupling said turret interface buoy to a turret (60) of said turret moored vessel. 
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1 6. The method of claim 5 wherein, 

2 said laying down step is performed by a pipeline vessel (50). 

1 7. The method of claim 5 wherein, 

2 said installing a SCR interface buoy step includes the step of attaching a support line (54) 

3 between said SCR interface buoy (20) and a derrick support vessel (52), and 

4 said coupling of said lower end of a flexible riser to said upper end of said pipeline step 

5 includes the step of paying out said flexible riser (15) from said support vessel (50). 

1 8. The method of claim 5 wherein, 

2 said securing step includes the steps of providing a pull-in line (56) via said turret interface 

3 buoy (40), connecting an end of said pull-in line (56) to an upper end of said flexible riser (15), 

4 and pulling said upper end of said flexible riser upward for securement within said turret interface 

5 buoy (40). 

1 9. The method of claim 5 wherein, 

2 said coupling of said turret interface buoy (40) to a turret (60) step includes the step of 

3 pulling said turret interface buoy (40) within the interior of said turret (60). 

1 10. The method of claim 5 further comprising, 

2 installing an additional riser from said hydrocarbon supply on said seabed via said SCR 

3 interface buoy directly to said turret interface buoy. 

1 11. A riser arrangement for a moored floating facility, the arrangement providing a fluid flow 

2 path between a seabed and a position beneath the sea surface and comprising, 
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3 a first riser having a first end which extends from a seabed hydrocarbon supply location 

4 and a second end which extends to a submerged depth position in the sea, said first riser having 

5 a catenary shape between said seabed hydrocarbon supply and said submerged depth position, 

6 a second riser coupled at one end to said second end of said first riser to form a fluid flow 

7 path from said seabed hydrocarbon supply to an opposite end of said second riser, 

8 a submerged SCR interface buoy positioned at said submerged depth position which 

9 supports said first and second risers at said submerged depth positions, and 

10 a discardable installation buoy coupled to said second end of said second riser, said 

1 1 discardable installation buoy bang designed and arranged to support said opposite end of said 

12 second riser at a submerged position beneath said floating facility and to be discarded after said 

13 opposite end of said second riser is coupled to said floating facility. 
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